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Introduction 
Research w a s  conducted dur ing  the  four  In t ens ive  F ie ld  Campaigns (IFC) of 
t h e  FIFE p r o j e c t  i n  1987. This  research  w a s  done on a t a l l g r a s s  p r a i r i e  with 
s p e c i f i c  measurement sites on and near t h e  Konza P r a i r i e  i n  Kansas. 
Measurements were made t o  h e l p  meet the  fol lowing ob jec t ives :  ( 1 )  d e t e r -  
minat ion of t he  v a r i a b i l i t y  i n  r e f l e c t e d  and emi t ted  r a d i a t i o n  f l u x e s  i n  
s e l e c t e d  s p e c t r a l  wavebands as a func t ion  of topography and vege ta t ive  com- 
munity; ( 2 )  development of techniques t o  account f o r  s lope  and sun angle  
effects on the r a d i a t i o n  f luxes ;  ( 3 )  es t imat ion  of shortwave albedo and n e t  
r a d i a t i o n  f l u x e s  us ing  t h e  r e f l e c t e d  and emi t ted  s p e c t r a l  measurements 
desc r ibed  above; ( 4 )  es t ima t ion  of leaf  and canopy s p e c t r a l  p r o p e r t i e s  from 
c a l c u l a t e d  normalized d i f f e r e n c e s  coupled with of f -nadi r  measurements us ing  
i n v e r s i o n  techniques;  (5) es t ima t ion  of p l a n t  water s t a t u s  a t  s e v e r a l  loca- 
t i o n s  wi th  i n d i c e s  u t i l i z i n g  p l a n t  temperatures  and o t h e r  environmental  para- 
meters; and (6) determina t ion  of r e l a t i o n s h i p s  between es t imated  p l a n t  water 
s t a t u s  and measured s o i l  w a t e r  content .  
Data Collected During 1987 FIFE 
A r e sea rch  team composed of e leven members c o l l e c t e d  d a t a  dur ing  each IFC 
as  w e l l  as before  and/or after some I F C ' s .  The primary ins t rument  used i n  our 
s tudy  w a s  a Barnes model 12-1000 Modular Multiband Radiometer (MMR). The MMR 
measures r e f l e c t e d  shortwave r a d i a t i o n  i n  the fol lowing wavebands: 0.45-0.52 
pm, 0.52-0.60 pm, 0.63-0.69 pm, 0.76-0.90 p, 1.15-1.30 p, 1.55-1.75 p, and 
2.08-2.35 pm and emi t ted  r a d i a t i o n  i n  t h e  10.4-12.5 p waveband. W e  used t h e  
15O FOV s e t t i n g  f o r  our measurements. The ins t rument  w a s  mounted on a port- 
able mast to  maintain it approximately 3.4 m above t h e  so i l  sur face .  
Measurements were made from seven d i f f e r e n t  view ang les  loca t ed  i n  o r  near t h e  
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p r i n c i p a l  plane of t h e  sun. These angles  were nad i r  and 2 0 ° ,  35O, and 50° t o  
e i t h e r  s i d e  of nadi r .  In  a few cases, the  same measurements w e r e  made perpen- 
d i c u l a r  t o  the  p r i n c i p a l  plane.  Occasional ly ,  readings  w e r e  made with t h e  
p r i n c i p a l  plane a l igned  t o  the  view angle  of the  SPOT satel l i te .  In  those  
cases, view ang les  w e r e  changed t o  collect d a t a  a t  t h e  same view angle  as 
SPOT. Due to  a malfunction of our MMR, we used one borrowed from Goddard 
du r ing  I F C  1 ,  2 and used our  own during IFC 3, 4. A l l  data were c o l l e c t e d  on 
a n  Omnidata Polycorder and then dumped i n  the  f i e l d  to  a l a p  top  microcomputer 
du r ing  IFC 2, 3, and 4. (During IFC 1 ,  we experienced long de lays  i n  dumping 
d a t a  i n t o  a KSU microcomputer when the Polycorder memory banks became f u l l .  
This r e s u l t e d  i n  unacceptably long de lays  and loss of d a t a  c o l l e c t i n g  oppor- 
t u n i t i e s .  Therefore, we purchased and used a lap top portable microcomputer 
fo l lowing  IFC 1 . )  The l a p  t o p  computer also made it possible f o r  u s  t o  change 
ou r  d a t a  c o l l e c t i n g  procedure from taking a s i n g l e  reading  a t  each angle  to  
t a k i n g  3 readings  a t  each angle  during I F C  2, 3, and 4. 
W e  a l s o  measured su r face  temperature of t h e  MMR viewed area with an 
Everes t  i n f r a r e d  thermometer ( I R T )  mounted a t  a 30° view angle  on t o p  of a 
2.5 m pole. Three r e p l i c a t i o n s  w e r e  taken a t  each of four  stops--one f ac ing  
the sun, one with the sun a t  the back, the other t w o  perpendicular to the 
p r i n c i p a l  plane.  A hand-held Scheduler I R T  w a s  a l s o  used t o  measure su r face  
temperature  a t  the same four  d i r e c t i o n s .  It w a s  held a t  a h e i g h t  of about  
1.5 m and a t  an angle  of about  20° .  N e t  r a d i a t i o n  of t he  same viewing area w a s  
made w i t h  a Micromet n e t  radiometer.  Incoming and r e f l e c t e d  solar r a d i a t i o n  
were made wi th  an Eppley P rec i s ion  Spectral Pyranometer. These ins t ruments  
w e r e  mounted on an A-frame made from black pa in ted  condui t  with the  h e i g h t  
a d j u s t e d  t o  make the  readings  about  0.3 m above the  t o p  of t he  vegetat ion.  
W e  c o l l e c t e d  d a t a  p r imar i ly  from e i g h t  sites near s e l e c t e d  super auto- 
mated meteoro logica l  s t a t i o n s  (AMs) or f l u x  s t a t i o n s .  In  add i t ion ,  special 
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s t u d i e s  w e r e  done a t  t w o  o the r  sites. A t  each s i te  d a t a  w e r e  c o l l e c t e d  from 
e i g h t  t o  e leven  d i f f e r e n t  l o c a t i o n s  surrounding the AMs o r  f l u x  s t a t i o n s .  
Inc iden t  r a d i a t i o n  w a s  es t imated  from measurements made with the  MMR over a 
pa in t ed  -SO4 pane1 approximately every 30 minutes. Inc iden t  r a d i a t i o n  w a s  
a l s o  c o l l e c t e d  on an almost  continuous b a s i s  by Kansas S t a t e  with an MMR 
loca ted  over a Bas04 panel  l oca t ed  a t  s i te  16 dur ing  d a t a  c o l l e c t i o n  per iods.  
Most MMR d a t a  were c o l l e c t e d  t o  coincide with a sa te l l i t e  overpass  and 
wi th  concurren t  coverage by the  C-130 and t h e  NASA h e l i c o p t e r .  On two 
s e p a r a t e  occas ions  we c o l l e c t e d  d a t a  i n  conjunct ion  with b i d i r e c t i o n a l  
r a d i a t i o n  measurements made by Don Deering and h i s  c r e w .  W e  c o l l e c t e d  MMR and 
o t h e r  suppor t ing  r a d i a t i o n  d a t a  on a t o t a l  of 30 days. Sky q u a l i t y  cond i t ions  
ranged from e x c e l l e n t  to  marginal on these  days. Acceptable d a t a  were 
obta ined  dur ing  part o r  a l l  of 24 days. 
W e  c o l l e c t e d  p l a n t  samples from a 0.1 m2 area near each loca t ion  where 
r a d i a t i o n  readings  were taken to  determine phytomass d ry  weight and l ea f  area. 
Measurements made with a L i C o r  LI-1915B l i n e  quantum sensor  w i l l  be used t o  
estimate l e a f  area index ( L A I )  va lues  nondes t ruc t ive ly  us ing  inve r s ion  tech- 
n iques  developed by Norman, e t  a1 (1983). Radiat ion r e f l e c t e d  and t ransmi t -  
ted f r o m  individual leaves of the dominant species w a s  measured a t  a f e w  
si tes  dur ing  I F C  1 us ing  a prototype radiometer and an LI-1800 i n t e g r a t i n g  
sphere.  Unfortunately,  t h i s  instrument  malfunctioned and w a s  no t  a v a i l a b l e  
dur ing  the remaining IFC's. An i n t e g r a t i n g  sphere a t t ached  to  a Spectron 
Engineer ing SE 590 w a s  used to  ob ta in  some a d d i t i o n a l  l e a f  r e f l e c t a n c e  and 
t r ansmi t t ance  d a t a  before  and dur ing  IFC 4. Measurements of so i l  w a t e r  con- 
t e n t  were a l s o  made us ing  a Time Domain Refractometer a t  a few sites. For t h e  
most part, however, w e  w i l l  r e l y  on s o i l  moisture  measurements made by the  
Science Support  Group. W e  made estimates of pe rcen t  cover ,  p l a n t  h e i g h t  and 
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s p e c i e s  composition a t  each measurement loca t ion  dur ing  each IFC, b u t  we w i l l  
a l s o  use similar d a t a  c o l l e c t e d  by o t h e r s  a t  t he  same sites. W e  determined 
t h e  su r face  e m i s s i v i t y  a t  each measurement loca t ion  us ing  a technique similar 
t o  that of Fuchs and Tanner (1966). W e  need the  su r face  e m i s s i t i v i t i e s  and 
t h e  longwave sky r a d i a t i o n ,  which we a l s o  measured, to  c a l c u l a t e  t r u e  su r face  
temperatures .  The nor th ings ,  e a s t i n g s ,  degree of slope, and t h e  s lope aspect 
f o r  each measurement l o c a t i o n  w e r e  determined once dur ing  t h e  year . 
A l l  MMR's used i n  t h e  s tudy w e r e  c a l i b r a t e d  before  IFC 1 and a f t e r  IFC 4. 
F a c i l i t i e s  a t  NASA Goddard Space F l i g h t  Center were used to  calibrate t h e  
in s t rumen t s  i n  t h e  r e f l e c t i v e  wavebands and f a c i l i t i e s  a t  t h e  USDA Water 
Conservat ion Laboratory i n  Phoenix, Arizona, w e r e  used to calibrate the  the r -  
mal channel.  A l l  i n f r a r e d  thermometers were a l s o  c a l i b r a t e d  i n  Phoenix. The 
pa in t ed  BaSO4 pane l s  used t o  estimate incoming solar r a d i a t i o n  i n  t h e  MMR 
wavebands w e r e  calibrated by D r .  Ray Jackson a t  the  Water Conservation 
Laboratory i n  J u l y  1987, fol lowing the  method of Jackson e t  a l .  (1987). 
Current Statu8 of D a t a  Redaction and Analpsi8 
C a l i b r a t i o n  equa t ions  f o r  t he  MMR's w e r e  rece ived  i n  January 1988. Since 
t h a t  t i m e  we have processed the  data on the  so-cal led "golden days," i.e. June 
6,  J u l y  11 I August 15 and October 10 and on a few a d d i t i o n a l  days and have 
begun t o  ana lyze  these data .  
One of t h e  f i r s t  goa l s  of our study i s  to  use the s p e c t r a l  d a t a  c o l l e c t e d  
wi th  the  MMR t o  estimate the  albedo of the surface.  The albedo i s  def ined  as 
t h e  ra t io  of the r e f l e c t e d  solar b e a m  (0.3-4.0 p) from a su r face  to t h e  t o t a l  
shortwave r a d i a t i o n  impinging on t h e  su r face  (Rosenberg e t  a l l  1983). 
Accurate estimates of a lbedo are requi red  to  determine r a d i a t i o n  and energy 
ba lances  on, among o t h e r  t h ings ,  vege ta t ive  su r faces ,  bu i ld ings ,  t h e  
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atmosphere and on energy c o l l e c t i n g  devices  ( I g b a l ,  1983; Kriebel, 1979; B r e s t  
and Goward, 1987).  
Albedoes are commonly determined by measuring incoming and r e f l e c t e d  
r a d i a t i o n  with pyranometers. These p o i n t  measurements may be extended t o  
l a r g e r  areas, b u t  only i f  the r e f l e c t i n g  sur face  i s  homogeneous with t h e  
l a r g e r  area. This  i s  gene ra l ly  not  t he  case f o r  land s u r f a c e s  which e x h i b i t  
cons ide rab le  v a r i a t i o n  i n  su r face  cond i t ions  from one p o i n t  t o  another .  
Remotely sensed d a t a  o f f e r s  the  p o t e n t i a l  f o r  e s t ima t ing  albedo from l a r g e  
areas; t h e r e f o r e ,  we and o t h e r s  (e.9. B r e s t  and Goward, 1987) are eva lua t ing  
t h e  use of remotely sensed spectral d a t a  f o r  a lbedo determinat ion.  
W e  are c u r r e n t l y  eva lua t ing  the fol lowing equat ion  f o r  e s t ima t ing  albedo 
( p )  from MMR da ta :  
7 
p = 1 W i R H i  
i = l  
where W i  = weighting c o e f f i c i e n t  f o r  MMR channel  i and 
R H i  = hemispherical  r e f l e c t a n c e  f o r  channel i. 
W e  use a simple solar i r r a d i a n c e  model (SPCTRAL 2, Bird and Riordan, 
1986) to calculate Wi. SPCTRALZ produces global, d irect  and diffuse solar 
i r r a d i a n c e  va lues  a t  given wavelengths f o r  s e l e c t e d  sky condi t ions .  MMR wave- 
bands w e r e  extended to  account  f o r  a l l  energy under the g loba l  i r r a d i a n c e  
curve. The r a t io  of t he  energy determined f o r  t h e  po r t ion  of t he  curve 
ass igned  to  each channel  t o  t h e  t o t a l  energy under t h e  e n t i r e  solar i r r a d i a n c e  
curve i s  W i .  Values of R H i  were determined using the model of Wal tha l l  e t  a l .  
( 1985) .  
W e  have c a l c u l a t e d  albedo va lues  f o r  s e v e r a l  measurement l o c a t i o n s  us ing  
equat ion  1. Calcula ted  albedo va lues  have been about  6% higher  than measured 
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va lues  i n  abso lu t e  terms, (about  30% r e l a t i v e  error). W e  are unce r t a in  a t  
t h i s  p o i n t  as to  t h e  r e a s o n ( s )  f o r  these unacceptably l a r g e  d i f f e r e n c e s  b u t  w e  
are eva lua t ing  each component of equat ion 1 as w e l l  as the MMR data f o r  
p o s s i b l e  e r r o r s  i n  our  c a l c u l a t i o n  procedure. 
Af t e r  we have developed an acceptable procedure for c a l c u l a t i n g  t h e  
albedo,  we w i l l  c a l c u l a t e  t he  sur face  r a d i a t i o n  balance - t h e  so-cal led n e t  
r a d i a t i o n .  This  w i l l  r e q u i r e  knowledge of the  longwave r a d i a t i o n  emi t ted  by 
t h e  sur face  (RLw+) .  The equat ion f o r  desc r ib ing  t h i s  longwave emi t ted  
r a d i a t i o n  i s  given by the  Stefan-Boltzmann l a w  where: 
RLW+ = E S U T , ~ + (  I-ES)RLW+ 
where cS = the e m i s s i v i t y  of the  sur face ,  
(T = Stefan-Boltzmann cons tan t  (5.67 x Wm-20K-4) , 
T, = t h e  su r face  temperature i n  O K ,  
and RLW+ = longwave sky r ad ia t ion .  
Sur face  temperature  can a l s o  be used t o  i n f e r  t h e  water s t a t u s  of vege ta t ion  
when used i n  conjunct ion  with a i r  temperature and vapor p re s su re  d e f i c i t  d a t a  
(Jackson,  1982). Our measurements of the  su r face  e m i s s i v i t y  a t  the va r ious  
sites show va lues  i n  the range of 0.95 t o  0.99. 
W e  have begun to  analyze the su r face  temperature data. Pre l iminary  ana- 
l y s i s  of su r f ace  temperature  measurements i n d i c a t e  some d i f f e r e n c e s  between 
t h e  merest I R T  (he ld  a t  a 30° ang le )  and the  Scheduler (he ld  a t  an angle  of 
20°) (F igs .  1-4). A s  shown i n  Fig. 1 the su r face  temperatures  (averages of 
r ead ings  made from the four  d i r e c t i o n s )  measured with the  Scheduler w e r e  con- 
s i s t e n t l y  4 t o  5O C coo le r  than t h e  temperature measured with the  I R T  and both 
tempera tures  w e r e  s e v e r a l  OC w a r m e r  than t h e  a i r  temperature  on 5 June 1987. 
Some, and perhaps a l l ,  of t h e  sur face  temperature d i f f e r e n c e s  measured by t h e  
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t w o  ins t ruments  can be asc r ibed  t o  d i f f e r e n c e s  i n  t h e  s u r f a c e s  viewed by t h e  
t w o  ins t ruments  because of d i f f e r e n c e s  i n  the  view angles .  S i t e  32 w a s  q u i t e  
h e a v i l y  grazed so more of t he  warm soi l  su r face  would be viewed by the  I R T  
than  by the  Scheduler. Temperature measurements of a blackbody source made 
be fo re  and a f t e r  each data c o l l e c t i o n  per iod show d i f f e r e n c e s  due t o  i n s t r u -  
ments should no t  be more than 0.5°C. 
On 5 June su r face  temperature  measurements w e r e  a l s o  made a t  s i te  18 
(Fig.  2 ) .  Temperature d i f f e r e n c e s  f o r  the two ins t ruments  w e r e  s l i g h t l y  less 
than  a t  s i te  32. More vegeta t ion  w a s  p re sen t  a t  s i te  18 b u t  p l a n t  cover w a s  
s t i l l  incomplete on t h i s  e a r l y  date .  On 11 Ju ly  1987, a t  s i te  18 temperature  
d i f f e r e n c e s  were much smaller than on 5 June (Fig.  3 ) .  This  i s  a t t r i b u t e d  to  
a n  i n c r e a s e  i n  p l a n t  cover. On t h i s  d a t e  the  IRT viewed temperature  w a s  about  
0.5 to  1.5OC w a r m e r  than t h a t  measured by t h e  Scheduler. Temperature d i f -  
f e r e n c e s  were less than 0.5OC and readings  taken with one ins t rument  were no t  
c o n s i s t e n t l y  h igher  or  l o w e r  than the  o the r  on 15 August 1988. By t h a t  d a t e  
v e g e t a t i v e  cover w a s  e s s e n t i a l l y  complete. Temperature p a t t e r n s  measured by 
both ins t ruments  w e r e  very similar f o r  a l l  d a t e s  and sites. W e  have no t  y e t  
analyzed any of the  su r face  temperature d a t a  c o l l e c t e d  with the  thermal chan- 
n e l s  on the MMR. It w i l l  be interesting to see how the surface temperature 
measured from the  seven d i f f e r e n t  angles  compare with the  I R T  and Scheduler 
da t a .  
Future Work 
The ma jo r i ty  of t he  d a t a  c o l l e c t e d  i n  1987 s t i l l  need to be processed 
and analyzed. A major e f f o r t  w i l l  be devoted to  t h e s e  t a s k s  i n  1988 and 1989. 
W e  w i l l  conduct a series of experiments dur ing  the sp r ing  and summer of 1988 
a t  t h e  FIFE si te t o  i n v e s t i g a t e  d i u r n a l  and temporal e f f e c t s .  W e  w i l l  conf ine  
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our data c o l l e c t i o n  to 2 or 3 sites. In addit ion to the radiation measure- 
ments, we w i l l  collect more a n c i l l a r y  data such as soil water content ,  p lant  
water potent ia l  , stomatal d i f f u s i o n  res i s tance  and leaf transmittance and 
re f l ec tance  than it w a s  poss ib le  t o  do i n  1987. 
-8- 
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